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QCD DIPOLE PREDICTION FOR DIS AND DIFFRACTIVE STRUCTURE
FUNCTIONS
Ch.ROYON
DAPNIA-SPP, Centre d’Etudes de Saclay, F-91 191 Gif-sur-Yvette Cedex, France
The F2, FG, R = FL/FT proton structure functions are derived in the QCD dipole picture of BFKL dynamics.
We get a three parameter fit describing the 1994 H1 proton structure function F2 data in the low x, moderate
Q2 range. Without any additional parameter, the gluon density and the longitudinal structure functions are
predicted.The diffractive dissociation processes are also discussed, and a new prediction for the proton diffractive
structure function is obtained. a
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The purpose of this contribution is to show
that the QCD dipole picture 1 which contains the
BFKL dynamics provides a pertinent model for
describing the proton structure function at HERA
in the low x and moderate Q2 range, as well as
the diffractive structure function. The recently
published H1 data might provide an opportunity
to distinguish between the different QCD evolu-
tion equations (DGLAP and BFKL equations 2)
for small x physics. This is why it is very impor-
tant to test the BFKL dynamics using the dipole
model and kT factorisation
3. We can then get
predictions for F2, FG, and R = FL/FT proton
structure functions, and for the proton diffractive
structure functions which represents a new predic-
tion of the dipole model.
1 BFKL dynamics in the QCD dipole frame-
work
To obtain the structure function F2, we use the kT
factorisation theorem which is valid at high energy
(small x). In a first step, we calculate the deep
inelastic cross section σonium of a photon of virtu-
ality Q2 on an onium state (heavy qq¯ state). This
onium state can be described by dipole configu-
rations 1. The photon-onium cross-section reads
σonium =
∫
d2rdzΦ(0)(r, z)σ(x,Q2; r) where Φ(0)
is the probability distribution of dipole configu-
rations of transverse coordinate r. In the kT -
factorization scheme 3, one writes
Q2σ(x,Q2; r) = (1)∫ Q2
d2~k
∫ 1
0
dz
z
σˆ(x/z,~k2/Q2)F (z, (kr)2)
where σˆ/Q2 is the (γ g(k)→ q q¯) Born cross sec-
tion for an off-shell gluon of transverse momentum
~k. F (z, (kr)2) is the unintegrated gluon distribu-
tion of an onium state of size r and contains the
physics of the BFKL pomeron.
Using once more the kT factorisation in ex-
tracting a gluon from a dipole of transverse radius
r and assuming renormalisation group properties
of F , one can show that 5:
F proton(x,Q2;Q20) = (2)
2 α¯Ncpi
∫
dγ
2ipih(γ)
v(γ)
γ w(γ)
(
Q2
Q2
0
)γ
e
α¯Nc
pi
χ(γ) ln( 1
x
)
where ω can be interpreted as the Mellin trans-
formed probability of finding an onium of trans-
verse massM2 in the proton, and Q20 is a typically
non perturbative proton scale.
We can use this generic result to get some
predictions for FT , FL, and FG (respectively the
transverse, longitudinal, and gluon structure func-
tions) corresponding to hT , hL, and hG:
 hThL
hG

 = α¯3piγ (Γ(1−γ)Γ(1+γ))3Γ(2−2γ)Γ(2+2γ) 11− 2
3
γ
.

 (1 + γ)(1 −
γ
2 )
γ(1− γ)
1

 (3)
The integral in γ is performed by the steepest
descent method. The saddle point is at γC =
1
2 (1 − a ln
Q
Q0
) where a =
(
α¯Nc
pi 7ζ(3) ln
1
x
)
−1
It
can be shown that the considered approximation is
valid when lnQ/Q0/ ln(1/x) << 1, that is small x,
moderate Q/Q0, kinematical domain. We finally
obtain:
F2 ≡ FT + FL (4)
1
= Ca1/2e(αP−1) ln
1
x
Q
Q0
e−
a
2
ln2 Q
Q0
where αP − 1 =
4α¯NC ln 2
pi . C, αP and Q0 will
be taken as free parameters for the fit of the H1
data, it will then be possible to compare with the
values of αP predicted by theory. We get finally R,
and FG/F2, which are independent of the overall
normalisation C:
FG
F2
= 1hT+hL |γ=γc (5)
≡ 3piγcα¯
1− 2
3
γc
1+ 3
2
γc−
3
2
γ2c
Γ(2−2γc)Γ(2+2γc)
(Γ(1−γc)Γ(1+γc))3
R =
hL
hT
(γc) =
γc(1 − γc)
(1 + γc)(1 −
γc
2 )
(6)
where γC is the saddle point value.
2 F2 fit and prediction for FG and R
In order to test the accuracy of the F2 parametri-
sation obtained in formula (4), a fit using the re-
cently published data from the H1 experiment 4
has been performed 5. We have only used the
points with Q2 ≤ 150GeV 2 to remain in the do-
main of validity of the QCD dipole model. The χ2
is 101 for 130 points, and the values of the param-
eters are αP = 1.282, Q0 = 0.63GeV , C = 0.077.
The result of the fit is shown in figure 1a. The
corresponding effective coupling constant to the
obtained value of αP is α¯ = 0.11, close to α(MZ)
used in the H1 QCD fit. The value of Q0 corre-
sponds to a tranverse size of 0.3 fm which is the
expected non perturbative scale.
Relation (5) provides a paramater-free predic-
tion for the gluon density (not shown in the fig-
ure) which is in good agreement with the results
obtained by the H1 QCD fits based on a NLO
DGLAP evolution equation 5. We also give a pre-
diction for the value of R, which is given in figure
1b. The only parameters which enters this pre-
diction is Q0, determined by the F2 fit. The cor-
responding curve (full line) is compared with the
one loop approximation of the h functions (dashed
curve) of formula (3). The comparison of the two
curves exhibits the (ln 1/x) terms resummation ef-
fects on the coefficient functions hT and hL. The
measurement of R might be an opportunity to dis-
tinguish between the BFKL and DGLAP mech-
anisms, R being expected to be higher with the
DGLAP mechanism. We thus think that a mea-
surement of R in this region would be useful.
3 Hard diffraction in the QCD dipole model:
The success of the dipole model applied to the
proton structure function suggests to extend the
investigations to other inclusive processes, in par-
ticular to diffractive dissociation. We can distin-
guish two different components:
- the ”elastic” term which represents the elastic
scattering of the onium on the target proton
- the ”triple-pomeron” term which represents the
sum of all dipole-dipole interactions (it is domi-
nant at large masses of the excited system).
Let us describe in more details each of the two
components. The ”triple-pomeron” term domi-
nates at low β, where β is the ratio between Bjorken-
x and xp, the proton momentum fraction carried
by the ”pomeron” 6. This component, integrated
over t, the momentum transfer, is factorisable in
a part depending only on xp (flux factor) and on
a part depending only on β and Q2 (”pomeron”
structure function) 6.
F
D(3)
2 (Q
2, xp, β) = Φ(xp)FP (Q
2, β) (7)
Φ(xp) = 8xp1−2αP
(
α¯Nc7ζ(3) ln
1
xp
)
−3
(8)
The effective exponent (the slope of lnFD2 in lnxp)
is found to be dependent on xp and much smaller
than the BFKL exponent due to the ln(xp) in the
flux factor. F is equivalent to the proton structure
function at small β.
The elastic component behaves quite differ-
ently 7. First it dominates at β ∼ 1. It is also
factorisable like the inelastic component, but with
a different flux factor, which means that the sum of
the two components will not be factorisable. The
β dependence is quite flat at large β, and this is
due to the fact that there is an interplay between
the longitudinal and transverse components. The
sum remains almost independent of β, whereas the
R = FL/FT ratio is strongly β dependent. Once
more, a R measurement now in diffractive pro-
cesses will be an interesting way to distinguish the
different models, as the dipole model predicts dif-
ferent β and Q2 behaviours from the others 9.
The sum of the two components shown in fig-
ure 2 describes quite well the H1 data. There is
no further fit of the data as we chose to take the
different parameters (Q0, αP , and the normalisa-
tion factor) from the F2 fit. The most striking
point is that we describe quite well the factorisa-
2
tion breaking due to the resummation of the two
components at low and large β 8. The full line is
the sum of the two components, the dashed line
the inelastic one (which dominates at low β), and
the dotted line the elastic one (which dominates
at high β).
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Figure 1: a: Results of the 3-parameter fit of the H1
proton structure function for Q2 ≤ 150GeV 2 - b:
Predictions on R (continuous line : resummed prediction)
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Figure 2: Prediction on F2D (cf text)
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